Hadamard matrix of that order with the exceptions n = 92, 116, 156, 172, 184, 188. Since then matrices have been found for n = 92, 156, 172, 184 [1, 2, 7] , leaving Paley's list still incomplete. It is interesting to note that the matrices which removed 92, 156, 172, 184 from the unknown category are all related to a construction given by Williamson [7] . The main purpose of this paper is to present a complete tabulation of all the known Hadamard matrices of this Williamson type for n = 4¿, t odd. Since an Hadamard matrix of order 2n = 2(4<) can easily be constructed from one of order n, the question of existence for all possible orders can be reduced to the case where t is odd. Thus, it is interesting to note that Hadamard matrices having the additional structure imposed by Williamson exist for all odd values of t ^27 and, in particular, that this includes every value of t for which an exhaustive search has been performed.
Williamson Type and Related Hadamard
Matrices. An Hadamard matrix which has the form,
is said to be of the quaternion type, since, using the quaternion units, is an Hadamard matrix of order 2n. Clearly this process may be iterated to provide matrices of all the indicated orders. This theorem certainly is not significant with respect to the general existence problem for Hadamard matrices, as it has long been known that the existence of an Hadamard matrix of order n implies the existence of those of orders 2'n for i = 1, 2, 3, • ■ • . Its significance lies in the fact that quaternion type Hadamard matrices can be constructed for these orders also.
If we insist (as did Williamson [7] ) that A, B, C, D be symmetric circulants satisfying equation (2.2), we get a class of Hadamard matrices, which we call the Williamson type. Thus, Williamson type matrices form a subclass of the quaternion type Hadamard matrices. In a Williamson type matrix A, B, C, D and / are simultaneously diagonalizable, and applying this transformation to equation (2.2) yields the equation
(E ai co/j + ( E bi co/j + l g Cico/j + I E dt co/j = it, which must hold for each of the ith roots of unity coy, where the at, bi, c», d, comprise the first rows of A, B, C, D, respectively. Now, restricting ourselves to odd values of t and normalizing so that a% -b0 -c0 = d0 = +1, we can show [7, p. License or copyright restrictions may apply to redistribution; see http://www.ams.org/journal-terms-of-use Figure 1 that exactly three of the ai, 6t-, c¿, di have the same sign, i 9a 0. Thus, from [7, p. 77 ] to provide us with a Williamson type Hadamard matrix of this order. We note in passing that Theorem 3 of Williamson can only be applied to provide such matrices of orders 8i when t is odd and Williamson type solutions are known for n = it, whereas our Theorem 1 provides quaternion matrices of all orders 2l+2t, i = 1, 2, 3, ; ■ • , provided such exist for n = it.
